
II. ACCOUNT of certain PHENOMENA obferved in the AIR VAULT

of the FURNACES of the DEVON IRON W O R K S * ; together
with fome praftical REMARKS on the MANAGEMENT of
BLAST FURNACES. By Mr ROEBUCK, in a LETTER to Sir

JAMES HALL, Bart. Communicated by Sir JAMES HALL.

[Read, July 2. 1798.]

S I R ,

I HAVE examined my memorandums, concerning the obfer-
vations I made on the condenfed air in the air vault of the

Devon Iron Works, near Alloa; and, according to your requeft,
I now tranfmit you an account of them; and alfo of an expe-
riment I made, when a partner and manager of thefe works, in
order to increafe the produce of blaft furnaces.

THE two blaft furnaces at Devon are of large dimenfions,
each being 44 feet high, and about 13 feet wide in the bolhes,
or wideft part, and are formed on a fteep bank, by two pits
funk in a very folid ftratum of coarfe grained freeftone.

THESE pits were afterwards fhaped and lined in the ufual
manner of blaft furnaces, with common bricks and fire bricks,
and the hearth was laid with large blocks of the ftone that had
been dug out, and which ferve the purpofe of fire ftones. At
the back of the two furnaces, next the bank, the air vault is ex-

cavated

* THESE iron works are on the banks of the river Devon, which runs into the
Frith of Forth near Alloa. They are 3 miles from Alloa, and 8 from Stirling.
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cavated, and formed by a mine drove in the folid rock, diftant
from the furnaces about 16 feet. The bottom of the air vault
is only about 4 feet higher than the level of the bottom of the
furnaces. This vault has an aperture at one end to receive the
air from the blowing machine, and has two at the oppofite end,
one of which receives the eduction pipe, and the other is a door
to give admittance occafionally into the vault. As the rock is
extremely clofe and folid, the vault is dry, except that a little
water ouzes very gently from the fide next the bank in fmall
drops, and does not appear to exceed an Englifh pint in 24 hours.

THESE furnaces are provided with air, or blaft, as it is term-
ed, by the means of a fire-engine of the old, or NEWCOMEN'S

conftruclion. The diameter of the fleam cylinder is 48* inches;
and the fquare area of its pifton being about 1866-j fquare
inches, the power of this fort of engine cannot be rated at
more than 7 lb. to the fquare inch, amounting in all to about
13062 lb. This power was employed to work an air pump,
or blowing cylinder, of 78 inches diameter, and about 7 feet
long. The number of fquare inches on the pifton of the air
pump is 4778, and therefore this area, being multiplied by z\,
will produce 131^9* being a refiftance that nearly balances the
above-rated power, and fhows that the air, which was expelled
from the air pump, could not be condenfed more in the ordi-
nary way of working, than with a compreffing power of about
21 lb. on each fquare inch. As the engine was not regulated,
at firft, to make a longer ftroke than about 4 feet 8 inches, only
one furnace being ufed, the quantity of air expelled at each ftroke
of the machine was about 155 cubic feet, which it difcharged
through a valve into the air vault, about 16 times in a minute.
When two furnaces afterwards were blown, the engine was re-
gulated to work much quicker, and with a longer ftroke. The air
vault is 72 feet long, 14 feet wide, and 13 feet high ; and con-
tains upwards of 13,000 cubic feet, or above 80 times the

contents
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of the air pump. The top, fides, and bottom of this
vault, where the leait UlRwe could be discovered in the beds of
the rock, were carefully caulked with oakum, and afterwards
plaflered, and then covered with pitch and paper. The inten-
tion of blowing into the vault is to equalize the blaft, or render
it uniform, which it effects more completely than any machi-
nery ever yet qontrived for the fame purpofe. The air is con-
ducted from the vault by the eduction pipe, of 16 inches dia-
meter, into an iron box or wind cheft, and from this it goes off
to each furnace, in two Imaller pipes that terminate in nozles,
or blow-pipes, of only 2J to 3} inch diameter, at the tweer of
the furnace.

WHEN the furnace was put in blaft, after having been filled
with coakes, and gently heated for more than fix weeks, the
keepers allowed it to have but little blaft at firft, giving it a
fmall blow-pipe of about 2 ~ inch diameter, and likewife letting
off a very confiderable quantity of air, at the efcape, or fafety
valve on the top of the iron wind cheft, a» it is a received
though erroneous opinion among them, that the blaft mult be
Jet on very gradually for feveral months. From the conftruc-
tion of this valve, it was impoffible to afcertain the exact propor-
tion of the blaft they thus parted with, but I believe it was very
confiderable. The confequence was, that the furnace, after it
had been in blaft for feveral days, never feemed to arrive at its
proper degree of heat, but was always black and cold about the
tweer in the hearth, and appeared in danger of choking, or gob-
bing, as it is termed.

AFTER various experiments tried in vain, by the keepers
and the Company's engineer, and others, (indeed they tried
every thing, except giving the furnace a greater quantity of
air, which, as I afterwards afcertained, was all that it wanted),
they concluded, that the air vault was the caufe of the whole
mifchief j and, to confirm their opinion, they faid they had

PART I. E now
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now difcovered that water was, in confiderable quantities, driven
out of the air vault through the blow-pipe, which cooled the fur-
nace ', and they infilled, that the power of the engine was fuch
as to force water out of the folid rock; fo that this method
of equalizing the blafl never would fucceed. The other mana-
ging partner was fo much alarmed by thefe reprefentations,
that he began to confult with the engineer, and others, about
finding a fubftitute for the air vault at any expence.

As the plan of the blowing apparatus had been adopted at
my recommendation, and was now fo loudly condemned on ac-
count of the water, I had other motives, than mere interefl, for
trying to become better acquainted with the phsenomena attend-
ing it. I accordingly determined to go into the air vault, and
to remain inclofed in the condenfed air while the engine was
blowing the furnace. It is an experiment that perhaps never
was made before, as there never exifled fuch an opportunity. I
could not perfuade the engineer, or any other of the operative
people about the work, to be my companions, as they imagined
that there was much danger in the experiment. Mr NEIL

RYRIE , however, one of the clerks of the Devon Company, had
fufficierit confidence in my reprefentations to venture himfelf
along with me.

T H E machine had been flopped about two hours previous to
our entering the vault, and we found a dampnefs and miftinefs
in it, which difappeared foon after the door was fiiut fafl upon
us, and the engine began to work in,its ufual manner. After
four or five flrokes of the engine, we both experienced a fingular
fenfation in our ears, as if they were (lopped by the fingers,
which continued as long as we remained in the condenfed air.
Our breathing was not in the leaft afFedled. I had no ther-
mometer with me, but the temperature of the air felt to us the
fame as that without the vault. Sound was much magnified,
as we perceived, when we talked to each other, or flruck any^

thing j
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thing ; particularly, the noife of the air efcaping at the blow-
pipe, or wafte valve, was very loud, and feemed to return back
to us. There was no appearance of wind to diflurb the flame
of our candles ; on the contrary, I was furprifed to find, that
when we put one of them into the educTion pipe, which con-
veys the wind from the vault to the furnaces, it was not blown
out. There was not the fmalleft appearance of any drops of
water ifluing out of this pipe, The ouzing and dropping of
water from the fide of the rock, next the bank, feemed the fame
as before the condenfation was made in the vault. In ihort,
every thing appeared, in other refpecls, the fame as when we
were in the common atmofphere. Having remained about an
hour in the condenfed air, and fatisfied ourfelves that no water,
during that time, that we could in the leafl difcover, was agita-
ted and forced out of the rock and vault by the power of the
blaft, as was imagined and infilled on, we gave the fignal to flop
the engine. As foon as it ceafed to work, and the condenfation
abated, and before the door of the vault was unfcrewed, the
whole vault, in a few fecotids, became filled with a thick vapour\

fo that we could hardly fee the candles at four or five yards di-
Jlance. The door being now opened, the work people, anxious

. to know our fituation, and what had occurred, came into the
vault, and prevented any" further obfervations.

I NOW endeavoured to account for this curious appearance of
the water, which only fhewed itfelf occafionally, in very fruall
quantities, at the tweer, and at a hole I ordered to be made in
the bottom of the wind chefl to colledl it more accurately, for
it never was obferved, but either when the engine, after work-
ing flowly, was made to work quicker, or, after having been
flopped for a few minutes, was fet to work again.

I CONSIDERED the vapour which we had difcovered in the
vault to arife from the moifture of the fide of the rock next the
furnace, which being expelled by the great heat of the furnace,

E 2 and
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and converted into vapour, was able to force its way through the
pores of the rock into the vault, but that being in a manner con-
fined within the rock, by the prefTure of the condenfed air,
it found itfelf at liberty to come into the vault, only when
the condenfation abated considerably, or was totally removed
by the going flow, or flopping of the engine. It alfo occurred
to me, that the air, in a ftate of condenfation, might pofubly
be capable of holding a greater quantity of water in folution,
which might precipitate fuddenly into vapour or milt when
the condenfation abated. I imagined, therefore, that the very
fmall quantities of water we at times difcovered, proceeded
from nothing elfe but this vapour, in its pafTage to the furnace
along with the blaft, being condenfed into water, by the cool-
nefs of the eduction pipe and iron wind chefl. The quantity
of water did not appear to amount to a gallon in twenty-four
hours.

A FEW days after I had made this experiment, the water cea-
fed entirely to make its appearance, either at the tweer, or at
the hole in the wind chefl; but the furnace did not come into
heat for a long while after, and indeed not till the keepers let
much more air into it by a larger blow-pipe, and allowed lefs
air to efcape at the fafety valve. It is probable that the rock
was now become perfectly dry by the continued heat of the fur-
nace.

MY experiment had the good effect to remove all the pre-
judices againft the plan I had adopted of blowing the furnaces,
and likewife prevented the other partner from laying out a large
fum of money, by flopping the works, and altering the blowing
machinery. Indeed, it has fince been admitted, by all who have
feen it at work, to be the mod fimple and effective method of
equalizing the blaft of any yet put in practice.

THIS experiment led me, fbme time afterwards, to apply a
wind guage that I contrived, to afcertain precifely the ftate of

the
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the condenfation of the air thrown into the furnaces. I found
that a column of quick filver was raifed five inches, and fome-
times, though feldom, fix inches, and, in the interval of the re-
turn of the engine to receive air into the air pump, it fell only
half of an inch. At this time only one furnace was worked.
But when two furnaces were in blaft, the engine only raifed the
mercurial guage about 4 inches, becaufe the Devon Company,
for certain reafons, did not, while I continued a partner, think
proper to allow the blowing machinery to be completed, by the
putting to work their fecond boiler of 20 feet diameter for the
fire engine, according to my original defign, which, by adjufting
the machinery, wovild have enabled us to blow two furnaces,
with two boilers, with as much effect, in proportion, as one fur-
nace with one boiler. This inftrument had the advantage of
enabling the work people to difcover the real power of their
blaft, and know the exact condition of the air valves, and the
gearing of the blowing piftqn ; for if thefe were not tight, and
in order, (although the engine might, to appearance, be doing
well, by making the fame number of difcharges of the air pump
as ufual per minute), yet the wind guage would not rife fo high,
and would fhew that there was an imperfection fome where, by
reafon of a -quantity of air efcaping at the valves, or pifton, that
could not fo eafily otherwife be known. This contrivance was
confidered as of much vife, and was afterwards always quoted in
the Company's journal books, to fhow the actual Hate of the
blowing machine, in comparing the daily produce of the fur-
naces.

I HOPE you will not think me tedious, when I explain to you
another experiment, which appears to me to be of considerable
importance to all manufacturers of caft iron.

I HAD reafon to conjecture, from my own obfervations on
the effects of blowing machinery 00 blaft furnaces> as well as

from
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from the knowledge I had acquired from my father Dr ROE-
BUCK, and from my communications with other experienced
iron matters, that a great part of the power of fuch machinery
was mifapplied in general practice, by throwing air into fur-
naces with much greater velocity than neceffary, and that, if
this velocity was, to a certain degree diminifhed, the fame
power, by properly adjufting the blowing machinery, of what-
ever nature, would be capable of throwing into the furnace a
proportionally greater quantity of air. For, " Since the quan-
tities of any fluid, iffuing through the fame aperture, are as the

fquare roots of the preffure j " it follows, that it would require
four times the preffure, or power, to expel double the quantity of
air, through the fame aperture, in the fame time : But if the
area of the aperture was doubled, then the quantity of air ex-
pelled by the fame power, and in the fame time, would be in-
creafed in the ratio of the fquare root of 2 to 1, though its ve-
locity would be diminifhed exactly in the fame proportion.
Again: I confidered that the quantity and intenfity of heat,
produced in blaft furnaces, and confequently its effects in in-
creafing the produce, might be only in proportion to the quan-
tity of air decompofed in the procefs of combuftion, without
regard to its greater velocity; that is to fay, whether or not
the fame quantity of air was forced, in the fame time, into
the furnace through a imall pipe, or through one of larger
dimenfions; for, in attending to the procefs of a common air
furnace for remelting of iron, where there is a very large quan-
tity of air admitted through the large jareas between the bars,
it is well known, that a much greater intenfity of heat is pro-
duced than takes place in a blaft furnace, and yet the air does
not enter into the fire through the bars with increafed den-
fity or great velocity. I therefore thought it probable, that in-
creafing the quantity of air, thrown into the blaft furnace in a
confiderable degree, although the velocity or denfity might be

much
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much lefs, would have the effect of increasing its heat, and ope-
rations, and produce. And as, from the principles above flated,
with regard to the machinery, I faw I could greatly increafe the
quantity of air thrown into the furnace, by enlarging the dia-
meter of the blow-pipe, and regulating the engine according-
ly, without being obliged to employ more power, I was anxious
to make this experiment.

A fyflem of management, of which I did by no means ap-
prove, was adopted by the other partners of the Devon Com-
pany, foon after the works were begun to be erected; and, in
the profecution of it, they ordered their fecond furnace to be put
in blaft, without permitting thofe meafures to be taken that
were neceffary to provide and maintain a fufficient flock of ma-
terials ; and alfo without allowing their blowing machine to be
completed, according to the original defign, by the addition of
its fecond boiler. As might have been expected, a trial of feve-
ral months to carry on two furnaces, with only half the power
of fteam that was neceffary, and an inadequate flock of mate-
rials, proving unfuccefsful, the Company, as a remedy, inflead
of making up the above deficiencies, ordered one of the fur-
naces to be blown out, and flopped altogether. This improper
meafure, however, afforded me the opportunity of immediately
putting in practice the plan I have mentioned.

WHEN one of the furnaces was flopped, the other continued
to be blown by a blow-pipe of 2f inches diameter> and the pro-
duce of the furnace, for feveral weeks thereafter, was not 20 tons
of iron per week at an average. The engine at this time was
making about 16 flrokes a minute, with a ftroke of the air
pump, about 4 feet 8 inches long; but when I altered the dia-
meter of the blow-pipe, firft to 3, and immediately after to 3^
inches diameter, and regulated the working gears of the engine,
fo as to make a ftroke of 5 feet 2 inches long, and about 19
ftrokes in a minute, on an average, the produce was immediate-

ly
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ly increased. It continued to be, on an average of nine
months immediately after this improvement, at the rate of 33
tons of iron per week, of as good quality as formerly ; for
during this period, from the 21ft November 1795 to July 30,
1796, this, one furnace yielded 118.8 tons of iron. No more
coals were confumed in working the blaft engine, or other ex-
pences about the blowing machine incurred, and therefore no
more power was employed to produce this great effedl. It
is alfo of much importance to remark, that the confumption of
materials, from which this large produce was obtained, was by
no means fo great as formerly. The furnace required very con-
siderably lefs fuel, lefs iron/lone, and le/s limejlone, than were em-
ployed to produce the feme quantity of iron by the former me-
thod of blowing; and according to the (latements made out by
the Company's, orders, as great a change was effected in the
ceconomical part of the bufinefs.

FROM thefuccefs of this experiment, fo well authenticated, and
continued for feveral months, I am led tD be of opinion, that all
blaft furnaces, by a proper adjuftment of fuch machinery as they
are provided with, might greatly and advantageoufly inereafe
their produce, by afFuming this as a principle, viz. " That with
the given power it is rather by a great quantity of air thrown into
the furnace, with a moderate velocity, than by a lefs quantity thrown
in with M, gmater velocity, that the greatejl benefit is derived^ in
the fmelting of irmjlonts., in order to produce pig-iron.'' However,
it is by experiment: alone, perhaps, that we can be enabled to
find out the exacT: relations of power, velocity, and quantity of
air requiflte to produce a maximum of eflfecl: *.

BUT, an unfortunate difagreement among the partners of the
Devon Company, put it out of my power to make further pro-

grefs

* I F Q_be the quantity of a fluid, iffuing in a given time through an aperture of
the diameter. D>, V its velocity, «rtd P the power by which it is forced through
the aperture : then the area of that aperture being as D% the quantity of the fluid
iffuing in the given time will be as V D \ or V D l = Q^

AGAIN,
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grefs in this matter, by laying me under the 'neceflity, two years
ago, of withdrawing myfelf entirely from the concern.

I have the honour to be, refpedlfully,
S I R ,

.,. Your mod obedient fervant,
EDINBURGH, "1 T ._,

T Q h JOHN ROEBUCK,
June 30. 1798. J

To Sir James Hall, Bart.

IN order to illuftrate what is faid above, a ground plan of the
air vault and furnaces of the Devon Iron Works is given in
Plate I. ; of which the explanation follows :

EXPLANATION OF FIG. 2. PL. I.

A The air vault, formed by a mine drove in the folid
rock "of coarfe grained freeftone.

B The blowing cylinder.
C The pipe that conveys the air from the blowing cy-

linder to the air vault.
D The edudion pipe that carries the air from the air

vault to the iron wind cheft.
PART I. F E T h c

AGAIN, this quantity multiplied into its velocity, will be as the momentum of
the fluid expelled, or as the power by which it is expelled, that is V 2 D 2 = P
VD = v/P. '

HERE, therefore, if D is given, V is as v/P, as Mr ROEBUCK affirms. Alfo,

becaufe V = S T , and alfo V = ^ , Q j = Dv/P, fo that, while P remains the

fame, Q^will increafe as D increafes, and V will diminiih in the fame ratio.
T H E problem, therefore, of throwing the greateft quantity of air into the furnace

with a given power, ftriftly fpeaking, has no maximum, but the largeft aperture of
which the engine can admit mult be the beft. It is probable, however, that there
is a certain velocity with which the air ought to enter into the furnace; this will
produce a limitation of the problem, which, as Mr ROEBUCK fuggefts, is not likely
to be difcovered but by experiment. J. P,
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E The iron wind cheft, (about i\ feet cube), in which
is inferted a wind-gauge, reprefented in fig. 3.

F F The two blow-pipes for each furnace, which termi-
nate in apertures of 3^ inches diameter at the
tweers of the furnaces.

G G The two blaft furnaces, placed in two pits funk in
the folid rock.

H H The timps of the furnaces from whence the caft-iron
is run off into the calling room, L L.

O The door to give occafional admittance into the air
vault.

M The excavation, in which is placed the blowing ma-
chine.

EXPLANATION OF FIG. 3.

A The end of the wind-gauger (about 12 inches long), which
is open to the atmofphere,~being half- filled with quickfil-
ver.

B The end that is inferted in the iron wind cheft, and expofed
to the preffure of the cpndenfed air of the air vault.

Ill,






